Introduction
Respiratory syncytial virus (RSV) is the most frequent cause of childhood lower respiratory tract infections (LRTI) worldwide and is a major cause of hospitalizations resulting from severe LRTI. 1 In 2005, approximately 33 million RSV-related LRTI occurred worldwide in children under 5 years of age, and at least 3.4 million of these cases required hospitalization. In the randomized, placebo-controlled IMpact-RSV study, palivizumab prophylaxis significantly decreased the overall rate of RSV-related hospitalization by 55% among children with a history of preterm birth (#6 months of age) and/or bronchopulmonary dysplasia (BPD, #24 months of age). 2 Rates of adverse events were similar for palivizumabtreated and placebo-treated infants in the IMpact-RSV trial. Injection site reactions were uncommon, and few infants (0.3%) had to discontinue injections because of palivizumabrelated adverse events. Palivizumab was subsequently approved by the US Food and Drug Administration for the prevention of serious LRTI due to RSV in pediatric patients at high risk of RSV disease. 3 During the years since palivizumab was approved and as its use increased, payers and/or guideline authorities from around the world have initiated and are still revising clinical assessment criteria to determine which children might benefit most from palivizumab prophylaxis and where it is most costeffective. The criteria for eligibility include pediatric patients at high risk of RSV infection 4 and vary from country to country. Because BPD has always been considered an important risk factor for RSV-related disease in children regardless of gestational age, these patients are typically recommended for prophylaxis. However, today there is an ongoing demand to understand the efficacy of palivizumab in different gestational age groups of premature infants without BPD.
Although the published IMpact-RSV trial included efficacy results for the cohort of premature infants without BPD, it did not report efficacy results by gestational age group. Thus, the objective of the present study was to perform post hoc analyses of the IMpact-RSV trial data to determine RSV-related hospitalization rates and relative risk reductions within gestational age groups of premature infants without BPD that are of particular interest and importance to payers and/or guideline authorities.
Materials and methods

Data source
The IMpact-RSV trial was a multicenter, randomized (palivizumab [Synagis ® , MedImmune, LLC, Gaithersburg, MD, USA and AbbVie Inc., North Chicago, IL, USA] to placebo, 2:1), double-blind, placebo-controlled trial conducted during the 1996-1997 northern hemisphere RSV season at 139 centers in the USA, Canada, and UK. The trial was approved by the institutional review board for each center and parental consent was obtained for all infants enrolled in the trial. The IMpact-RSV trial was designed to evaluate the safety and efficacy of monthly prophylaxis with palivizumab in reducing the incidence of hospitalization due to RSV among high-risk infants. The results of the pivotal study have been published previously. 2 In the present study, the post hoc analysis includes infants born at #35 weeks' gestational age without BPD who were aged #6 months (6 months +0 days) at the time of study entry.
Children were eligible to participate in the IMpact-RSV trial if they were #35 weeks' gestational age and #6 months' chronological age, or #24 months' chronological age with a clinical diagnosis of BPD that required ongoing medical treatment within 6 months of enrollment. Gestational age was based on the medical record that described clinical assessment of the child at the time of study enrollment. Participants were to receive five monthly intramuscular injections of either palivizumab (15 mg/kg) or placebo (same formulation, except without antibody and with 0.02% Tween 80 added). RSV-related infections were identified by testing respiratory secretions for RSV antigen using commercially available tests in pediatric patients who were hospitalized with clinical signs and symptoms of LRTI.
analysis of data
The baseline characteristics of the two treatment groups were compared using the two-sample t-test for age and weight, and Fisher's Exact test for other parameters. RSV-related hospitalization rates along with corresponding 95% exact binomial confidence intervals were determined within eleven premature gestational age groups. In addition, relative reductions in risk of RSV-related hospitalizations for palivizumab versus placebo were calculated, and the corresponding 95% confidence intervals were constructed using the exact conditional method on the total number of RSV-related hospitalizations with mid-probability adjustment. No adjustments for multiple comparisons were made. The following non-mutually exclusive gestational age groups were evaluated: ,28, ,29, 28-31, 29-30, 29-31, 29-32, 29-33, 32-34, 32-35, 33-34, and 33-35 weeks. Gestational age was described in terms of full weeks, where the interval for a week ranged from the full week number +0 days through the full week number +6 days. For example, the category 29-32 weeks included the interval week 29 +0 days (203 days) through week 32 +6 days (ie, 203-230 days). A total of 740 infants without BPD were included in the original analysis of the IMpact-RSV trial. 2 However, 16 of these infants were .6 months in chronological age and were excluded from this analysis. Safety was not examined by gestational age group in this analysis or in the original trial. 
Results
study population for subgroup analysis
Data from 724 premature infants who were #6 months of age and did not have BPD were evaluated (494 on palivizumab and 230 on placebo). To demonstrate that differences between prophylactic treatment groups were not confounded by differences in potential risk factors, baseline characteristics were compared across the gestational age groups ( Table 1 ). The distributions of age, sex, race, and weight at enrollment were similar between palivizumab-treated and placebo-treated infants for each gestational age group. Across treatment groups, mean age at time of enrollment ranged from 2.5 to 3.7 months, mean weight at enrollment ranged from 3.3 to 4.3 kg; 41%-58% of the infants were male and 50%-67% were of white race across all gestational age groups. Multiple birth rates were similar between palivizumab-treated and placebo-treated infants, except for the 28-31 and 29-31 gestational week age groups, where palivizumabtreated infants had a significantly higher multiple birth rate than placebo-treated infants (36% versus 23%, P=0.02, and 37% versus 25%, P=0.047, respectively).
relative risk reductions of palivizumab versus placebo for rsV-related hospitalization Table 2 summarizes the incidence of RSV-related hospitalization, relative risk reductions versus placebo, and associated 95% confidence intervals by gestational age group for palivizumab-treated and placebo-treated infants. Palivizumab consistently reduced RSV-related hospitalizations (64.5%-100%) versus placebo in premature infants without BPD in all gestational age groups evaluated. Relative reductions in risk for RSV-related hospitalizations were substantial for the moderate/late preterm groups (82% for both the 32-34 and 32-35 gestational week age groups). Palivizumab decreased the relative risk of RSV-related hospitalization significantly (P,0.05) versus placebo in the 28-31, 29-32, 29-33, 32-34, and 32-35 gestational week age groups. Notes: *exact binomial 95% confidence interval; † statistically significant difference between the palivizumab and placebo treatment groups (P,0.05). Abbreviations: CI, confidence interval; RRR, relative risk reduction of palivizumab versus placebo; RSV, respiratory syncytial virus. 
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Discussion
Although guidelines exist that provide recommendations for the prophylaxis of RSV-related infections in major risk groups, ie, very early preterm infants (,29 weeks' gestational age), those #35 weeks' gestational age, and those with BPD, [5] [6] [7] decisions regarding which infants should receive prophylaxis vary worldwide and are being made on the basis of individual circumstances. Thus, understanding the efficacy of palivizumab in different premature infant groups as observed within a randomized controlled trial will be an important part of the decision-making process. This post hoc subgroup analysis of the IMpact-RSV trial demonstrates the consistency of palivizumab (ranging from 64.5% to 100%) in reducing RSV-related hospitalization in premature infants without BPD across eleven gestational age groups. To our knowledge, this is the first analysis that reports efficacy by gestational age group for premature infants without BPD.
It is noteworthy that a high degree of efficacy was achieved with palivizumab in later preterm infants ($32 weeks) as well as in very early preterm infants without BPD. High efficacy against RSV hospitalization (82% relative risk reduction) was also demonstrated in preterm infants of 33-35 weeks' gestational age in the recent randomized, blinded, placebo-controlled MAKI trial (Effect of palivizumab on respiratory syncytial virus-associated burden of disease) conducted in the Netherlands. 8 Although the IMpact-RSV trial demonstrated an overall 55% reduction versus placebo in RSV hospitalizations among palivizumab recipients, the trial enrolled a large number of infants with BPD. In the general population, the incidence of BPD among preterm infants is low and has decreased in recent years with improvements in medical care. Using contemporary estimates of the incidence of BPD and of prematurity without BPD, 9,10 the weighted estimate of the efficacy of palivizumab among all preterm infants is approximately 75%. This estimate was derived by summing the products of the condition-specific relative risk reductions observed in the IMpact-RSV trial and contemporary estimates of the relative frequency of each condition.
IMpact-RSV was a randomized, placebo-controlled trial powered to detect statistically significant differences in RSV hospitalization rates between palivizumab-treated and placebo-treated pediatric groups. Ninety-nine percent of the children in both groups completed the protocol, and 93% received all five scheduled injections. 2 This post hoc analysis assesses the IMpact-RSV trial data in the subgroup of premature infants without BPD for eleven gestational age groups which are of particular interest and importance to payers and guideline authorities. The results demonstrate that efficacy estimates for groups of premature infants treated with palivizumab were consistently high (ranging from 64.5% to 100%). However, a statistical limitation due to the small sample sizes for some groups results in large confidence intervals around the efficacy point estimates, suggesting a need for cautious interpretation. Although the data are from the 1996-1997 trial, they still provide useful information regarding the efficacy of palivizumab, because this analysis helps to close the knowledge gap regarding the efficacy of palivizumab within specific premature gestational age groups without BPD. Furthermore, the recently published MAKI trial supports these findings, particularly in moderate/late preterm infants, given that it demonstrates an 82% relative risk reduction for palivizumab with regard to RSV hospitalization among infants of 33-35 weeks' gestational age. 8 
Conclusion
The results of this analysis suggest that palivizumab effectively reduced RSV-related hospitalization rates in premature infants without BPD across all the gestational age groups evaluated. In particular, reductions in RSV-related hospitalizations were substantial (82%) for the moderate/late preterm groups (32-34 and 32-35 weeks' gestational age).
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